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CHANGES IN PROPRIOCEPTIVE WEIGHTING IN WOMEN WITH KNEE
OSTEOARTHRITIS DURING QUIET STANDING COMPARED TO
HEALTHY CONTROLS
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Purpose: Knee osteoarthritis (OA) is highly prevalent in people
above the age of 60 and is associated with pain, muscle weakness,
and proprioceptive deﬁcits at the knee joint. Muscle-tendon vibra-
tion has been used in different populations such as elderly and
patients with low back pain, to assess the use of proprioceptive
information from different body parts in postural control. One recent
study by Shanahan et al, used muscle vibration to assess the pro-
prioceptive weighting in a group of subjects with knee osteoarthritis
(KL grade 3 or 4). To the best of our knowledge this has not been
done in patients with early medial knee OA. Therefore, to better
understand the progression of proprioceptive impairments with the
natural course of knee OA, we aimed to investigate the proprio-
ceptive reweighting in group of subjects with early OA according to
the classiﬁcation criteria of Luyten (so beginning joint degeneration
on MRI), and compare them to their healthy peers and patients with
established OA.
Methods: Standing was challenged by vibrating ankle muscles (i.e.
tibialis anterior (TA) and triceps surae (TS)) and knee musculature
(vastus medialis (VM)) in 27 women with early OA, 24 with estab-
lished OA, and 27 healthy controls. Two muscle vibrators were utilized
bilaterally with a frequency of 70 Hz and amplitude of approximately
0.5 mm. These speciﬁc vibration characteristics are used to induce a
maximum illusory motion. Each trial lasted for 45 seconds, where
muscle-tendon vibration was applied during the middle 15 seconds.
Center of pressure (CoP) displacement was recorded using a force
plate (1000 Hz). CoP position was calculated and averaged over the
ﬁrst 15 s of the trial (pre-vibration), during the 15 s of vibration, and
after the cessation of vibration (post-vibration). The absolute differ-
ence in mean CoP position before and during vibration was then
calculated as the response to muscle vibration. Also, the postural
recovery from muscle vibration was deﬁned and calculated as the
absolute difference in mean CoP position during and after vibration.
The ratio between the response to vibration of the VM and TS (TS/ (TS
þ VM) and VM and TA (TA/ (TA þ VM)) was calculated as measure of
proprioceptive weighting.
Results: Both early and established OA groups showed signiﬁcantly
different postural control strategies compared to healthy controls in
favor of ankle muscle proprioceptive control (ratio closer to 1) ( TS/VM¼
0.87, P ¼0.033 and TS/VM¼ 0.89, P ¼0.015, respectively).
Vibration of triceps surae resulted in a signiﬁcantly larger effect on CoP
both at response and recovery, in the early (PResponse¼0.023 and
PRecovery˂0.001) and established (PResponse¼0.006 and PRe-
covery¼0.003) OA groups compared to the healthy controls.
Conclusions: The results from this study suggest that knee OA might
lead to down weighting of the proprioceptive information from knee
muscles. In conclusion, Subjects with knee OA seem to rely more on
ankle proprioceptive input, as previously found in elderly, which sug-
gests alterations in postural control that might be present early in the
disease process.
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KRÜPPEL-LIKE FACTORS (KLFS), NOVEL TRANSCRIPTIONAL
REGULATORS OF ARTICULAR CHONDROCYTES THAT ARE
ABNORMALLY EXPRESSED IN OSTEOARTHRITIC CARTILAGE
T. Teramura y, J. Hasei y, H. Asahara y,z, M.K. Lotz y. y The Scripps Res. Inst.,
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Purpose: Krüppel-like factors (Klfs) are known to play key roles in cell
cycle regulation, deﬁnition of cell fate and regulation of terminal dif-
ferentiation. There is no information on expression and function of Klfsin cartilage. The objectives of this study were to analyze expression of
Klfs in normal and OA cartilage and study their role in regulating
chondrocyte functions.
Methods: Klf expression in normal and OA human cartilage and in
developing mouse limb buds was examined by next generation RNA
sequencing and qPCR. Klf4 function in normal human chondrocytes and
TC28 immortalized chondrocytes was analyzed by gene overexpression
and knock down. Overexpression of Klf4 mutants and reporter con-
structs were used to determine critical motifs for Klf regulation of gene
expression.
Results: Next generation RNA sequencing showed that Klf2, 4, 5, 9, 10
and 15 are signiﬁcantly suppressed in OA cartilage. Quantitative real
time PCR for mouse limb buds showed signiﬁcantly increased Klf2, 4
and 5 expression from E11.5 to E15.5. Over expression-based screening
in the immortalized human chondrocyte cell line TC28 revealed that
only Klf4 strongly enhanced Col2A1 and Acan gene expression. Con-
versely, knockdown of Klf4 resulted in suppression of Col2A1 and
Acan genes in human primary chondrocytes. Luciferase reporter assays
showed that Klf4 binds to consensus sequences of Col2A1 and Acan
promoters and activates their expression. ChIP-qPCR for Col2A1 pro-
moter and Co-IP study revealed that Klf4 could interact with Sox9
directly. Klf4 C-terminus, which contains three tandem zinc ﬁngers,
which are critical for this interaction are required for activation of the
target genes. Finally, we demonstrated that induction of Klf4 expres-
sion could induce Col2A1 and Acan expression in various cell types
including dedifferentiated chondrocytes, and the magnitude of upre-
gulation of the target genes was attenuated by reduction of Sox9
expression.
Conclusions: These results are the ﬁrst to show that Klf factors have a
tissue speciﬁc expression in articular cartilage and that OA is associated
with dysregulated expression of several Klfs. Among the Klfs, Klf4
expression pattern is most closely linked with chondrogenic markers.
Klf4 promotes expression of chondrocyte speciﬁc genes, in part through
direct interaction with Sox9. Collectively, these ﬁndings implicate
abnormal expression of Klfs as a novel mechanism of abnormal chon-
drocyte differentiation and activation in OA.
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THE ONSET OF KNEE OSTEOARTHRITIS AFTER ANTERIOR CRUCIATE
LIGAMENT SURGERY IS ASSOCIATED WITH EARLY UNLOADING
FOLLOWED BY AN EXTENDED PERIOD OF NORMAL LOADING
A. Khandha, K. Manal, E. Wellsandt, T.S. Buchanan, L. Snyder-Mackler.
Univ. of Delaware, Newark, DE, USA
Purpose: Previous work from our group has shown that subjects who
exhibit radiographic signs of premature knee osteoarthritis (OA) 5 years
after unilateral anterior cruciate ligament reconstruction (ACLR) also
have reduced loading in the involved knee after injury and 6 months
post-surgery. We have also reported that the loading difference
between involved vs. uninvolved knees normalizes 1-2 years post-
surgery. Many cross-sectional studies and few prospective studies
support the idea that OA progression is associated with increased knee
loads. However, there is limited data addressing knee joint loading
during the period over which OA develops. Our subject cohort with OA
at 5 years provides a unique opportunity to characterize the time course
of loading associated with OA onset. In this abstract, we present pre-
liminary results contrasting the time course of loading between indi-
viduals who develop premature knee OA within 5 years after ACLR,
versus subjects who do not develop knee OA.
Methods: The data set included 9 subjects (4 females, 5 males, Age: 32
± 12 years) for whomwe had loading data as well as radiographs 5 years
after ACLR. Weight-bearing anterior-posterior radiographs, taken 5
years after ACLR, were graded using the Kellgren-Lawrence (K-L) scale.
A K-L grade equal or greater than 2 in the medial compartment was
deﬁned to be indicative of OA. 3 out of 9 subjects showed signs of OA 5
years after ACLR. Prior to injury, all subjects were actively involved in
cutting and pivoting activities and none of the subjects had knee OA.
Subjects with repairable meniscal tears, full-thickness chondral defects
> 1 cm2 and symptomatic grade III injury to other knee ligaments were
excluded from the study. All surgeries were performed using either an
allograft or a hamstring autograft. All subjects were tested following 10
Figure 3. Knee Adduction Moment Impulse (KAMI) in the involved knee.
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months post-surgery and 5 years post-surgery. The testing protocol
included gait and electromyography (EMG) analysis wherein subjects
maintained a self-selected walking speed. An 8-camera video system
(Vicon, Oxford Metrics Limited, London, UK) was used to record kine-
matic parameters. Kinetic parameters were recorded using a force
platform (Bertec Corporation, Worthington, OH). Surface-EMG record-
ings (Motion Lab Systems, Baton Rouge, LA) were collected from 7
muscles crossing the knee joint. The ﬂexor muscles included semi-
membranosus, long head of biceps femoris and medial/lateral gastro-
cnemii, while the extensor muscles included rectus femoris andmedial/
lateral vasti. Peakmedial compartment (pMC) load was computed using
a validated Hill-type EMG-informed musculoskeletal model, which was
anatomically scaled and calibrated for each subject. pMC loads thus
obtained were normalized to body weight (BW) for each trial. Similarly,
peak knee adduction moment (pKAM) was normalized to % BW *
height, and knee adduction moment impulse (KAMI) was normalized to
% BW * height * seconds. 3 trials per subject were averaged for the
involved knee. Each of the biomechanical parameters indicative of knee
joint loading were reported for the OA vs. non-OA groups using mean
and standard error (SE) bars.
Results: For pMC, pKAM and KAMI, the most relevant difference
between the OA vs. non-OA groups was evident 6 months post-surgery,
signiﬁed by non-overlapping SE bars (Figures 1, 2 and 3). Further, there
were no differences between the two groups for each of the bio-
mechanical parameters 5 years post-surgery.
Conclusions: For subjects who showed radiographic signs of knee OA as
early as 5 years post-surgery, the data demonstrate reduced loading in
the involved knee as early as 6months post-surgery.What followedwas
a prolonged period of normal loading, starting at 1-2 years, and
extending up to 5 years (based on our previous and current results).
Comparing the involved knee of OA vs. non-OA groups presented here,
the data suggests that premature knee OA after ACLR develops during a
period marked by early unloading, followed by an extended period of
normal loading. Also, this OA onset period does not appear to be
associated with elevated loading.Figure 1. Peak Medial Compartment (pMC) load in the involved knee.
Figure 2. Peak Knee Adduction Moment (pKAM) in the involved knee.138
HIGH-RESOLUTION NMR STUDIES OF CARTILAGE MOLECULAR
MOTION
S. Mailhiot, N. Williamson, J. Brown, J. Seymour, R. June. Montana State
Univ., Bozeman, MT, USA
Purpose: Osteoarthritis is a degenerative disease of the joints that
affects more than 60 million Americans. Osteoarthritis (OA) is
characterized by the deterioration of the articular cartilage which is
a soft tissue comprised mainly of water, collagen, and proteoglycan
aggregate. One clinical diagnostic method for OA is magnetic reso-
nance imaging (MRI) using T1- and T2- weighted images which
describe the loss of cartilage and joint space in 8-bit grayscale.
Nuclear magnetic resonance (NMR) is the fundamental physical
process used for MRI. NMR can provide information about molecular
motion in multi-component systems such as cartilage. The objective
of this study was to characterize molecular motion from cartilage
samples obtained from Stage IV osteoarthritic female hips to
better understand cartilage structure-function relationships. Toward
this goal, we quantiﬁed molecular motion with T1-T2 correlations
and high-resolution NMR diffusion measurements of articular
cartilage.
Methods: T1-T2 correlation maps and molecular diffusion coefﬁcients
were determined for articular cartilage samples. Cartilage was
obtained from human joint replacement patients and separated into
superﬁcial-middle and middle-deep samples (n ¼ 4) by shaving sec-
tions of cartilage from the femoral head. All donors were classiﬁed as
KL stage IV. The shaving from the superﬁcial-most ~200-500 microns
were classiﬁed as surface-middle and the shavings from the bottom
~500 microns and deeper were classiﬁed as middle-deep. The T1-T2
correlations were measured with a modiﬁed Carr Purcell Meiboom Gill
(CPMG) Sequence and analyzed with nonlinear regression analysis.
The effective diffusion coefﬁcient was obtained by use of the pulse
gradient stimulated echo (PGStE) sequence and analyzing the data
with the Stejskal-Tanner relationship. The molecular displacement
observation time was varied from 15-600 ms to examine restricted
diffusion. To differentiate diffusion between the macromolecular car-
tilage matrix and water, the gradient magnitude was varied. For
macromolecules, the gradient strength varied from 2.05 to 17.81 Tesla/
meter, and diffusion coefﬁcients were obtained by ﬁtting linear regions
of the multi-exponential data signal decay curve. For water diffusion,
the gradient was less than 1 T/m, which is the strength used in clinical
MRI.
Results: T1-T2 maps show distinct patterns indicating the presence of
two molecular populations (e.g. a solid-like and liquid-like population,
Figure 1). The location of maximum T1 and T2 intensity did not vary
